Lung ultrasound (LUS) has been suggested as an effective tool in the evaluation of community-acquired pneumonia (CAP) in pediatrics.
Introduction
Acute lower respiratory infection is the major cause of death in children under 5 years of age [1] . Community-acquired pneumonia (CAP) is the commonest cause of death in pediatric population. Thus, early detection of pneumonia and adequate management are essential to improve the outcome and reduce case mortality [1, 2] .
It has been proposed that the diagnosis of most cases of pneumonia can be done clinically, and thus, routine chest radiography (CXR) is not necessary for diagnosis in all cases [3, 4] .
Nevertheless, the clinical diagnosis of CAP is still challenging. The optimal role for imaging, microbiological, and biomarker testing remains unclear. Consequently, clinician practice in the assessment and treatment of CAP varies widely [5] .
The use of chest computed tomography (CT) scan in pneumonia diagnosis, although more accurate than CXR, has been discouraged owing to high radiation, cost, and the need for sedation [6] .
Despite obvious guidelines, CXR is widely used by physicians for the diagnosis of pneumonia owing to lack of precise history and physical examination [7] .
Although inexpensive and widely available, CXR has some significant limitations. First, it exposes children to ionizing radiation. Second, its interpretation may vary widely between observers which could be challenging for both clinicians and radiologists.
Furthermore, it might be insensitive in detecting tiny lung consolidations. Thus, lack of CXR diagnostic confirmation leads to overdiagnosis of CAP and the overuse of unwarranted antibiotics [8, 9] .
It has been suggested that lung ultrasound (LUS) in children can reveal suggestive features of pneumonia accurately when performed by well-trained clinicians. Furthermore, it has many pros including portability, ease of use, and no ionizing radiation [10] . Thus, the aim of this study was to determine the validity of LUS in the diagnosis of CAP in children in our locality, compared with CXR.
Patients and methods
This was a prospective observational study carried out during the period from February 2016 to March 2017. Informed consents were obtained from all caregivers of patients. The study protocol was approved by the institutional research board of our faculty.
Study population
Infants and children admitted with suspicion of CAP were considered eligible for inclusion.
Inclusion criteria
Infants and children older than 1 month with suspected CAP were included. Pneumonia was defined clinically as age-specific tachypnea and/or chest indrawing [11] .
Exclusion criteria
Infants and children with the chronic cardiopulmonary disease, immunodeficiency, neuromuscular disease, and any other chronic medical condition were excluded. Moreover, those with hospital-acquired pneumonia, those with hemodynamic instability, and those with past history of pneumonia within the last 4 weeks were excluded as well.
Sample size
A sample of 90 cases were included to find a difference of 12% in sensitivity between LUS and CXR [12] with a power of 80% and an alpha risk of 0.05.
Study methodology
All patients were subjected to the following evaluation:
(1) Clinical history and examination.
(2) Imaging studies:
(a) Plain CXR: (a) All children with suspected CAP had CXR, both posteroanterior and lateral views [13] . CXRs were assessed by an independent radiologist, and the findings were classified according to WHO criteria for interpretation of CXRs in pneumonia [14] . (b) LUS: LUS evaluation was performed independently in all patients by a single expert either before or after performing CXR. The two examinations were performed within 24 h of each other. The expert was blinded to the clinical history, and to the CXR findings. LUS was performed using a Toshiba Xario (Canon Medical System, California, USA) with 5-3 MHz convex transducer, which can visualize deeper lung structures. A high-frequency 12-5-MHz linear array probe was used [15] .
Study outcomes
The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of LUS were compared with that of CXR, being the gold standard for CAP diagnosis in children according to published guidelines [8] .
Statistical analysis
Data were analyzed with Statistical Package for the Social Sciences (SPSS), version 21. Qualitative data were described as numbers and percentages. Fisher's exact test was used when more than 20% of cells have count less than 5. Quantitative data were described as mean (SD) or median (range) after testing normality by Kolmogorov-Smirnov test. Mann-Whitney U test and Student's t test were used for comparison between groups. P value less than 0.05 was considered to be statistically significant. All tests were two tailed. Diagnostic validity tests included the diagnostic sensitivity, the diagnostic specificity, the predictive value for a positive test, and the predictive value for a negative test.
Results
One hundred and five patients were enrolled initially in the study. Fifteen patients were secondarily excluded resulting in 90 finally analyzed patients. Of the 90 consecutive patients analyzed, a final diagnosis of CAP was confirmed in 84 patients (34 females, 50 males) with median (range) age of 2.2 (0.5-15) years. Six patients were finally diagnosed as having acute bronchiolitis (Figure 1 ). Of the 84 patients with CAP, CXR detected 73 (87%) cases and LUS spotted 82 (97.6%) cases. Moreover, CXR identified 11 false-negative cases and one-false-positive case, whereas LUS detected two-false-negative cases and one-false-positive case (Figures 1-5 , and Table 1 ).
In cases with CAP, CXR detected alveolar, interstitial, and mixed radiographic findings in 31 (37%), 35 (42%), and seven (8%) patients, respectively (Table 2 ). However, the most prevalent LUS findings suggestive of CAP were B-lines (91.7%), consolidation (90.5%), air bronchogram (81%), and pleural effusion (34.5%) ( Table 3) . Further, CXR spotted 10 cases of para-pneumonic pleural effusion, whereas LUS detected 29 cases.
Finally, the sensitivity, specificity, PPV, and NPV of CXR and LUS were calculated and compared. However, differences were not statistically significant (Table 4 ).
Discussion
Pneumonia remains a critical cause of pediatric morbidity all over the world [16] . Pediatric pneumonia in resource-limited settings is a diagnostic challenge, as it is done clinically but with poor diagnostic specificity [6] .
For many years, LUS was limited to the examination of pleural effusions. However, over the past few years, LUS was found to be a promising tool for diagnosing pneumonia in children [17] .
This observational study was designed to evaluate the accuracy of LUS in the diagnosis of CAP compared with CXR. All 90 patients underwent clinical examination, CXR, and LUS. Diagnosis of CAP was confirmed in 84 cases, and six cases were finally diagnosed as acute bronchiolitis.
In the current study, CXR findings were positive in 73 of 84 cases. Regarding CXR findings, bilateral affection was found in 42 patients. The most prevalent findings were consolidation and pleural effusion in 86.9 and 11.9%, respectively. However, LUS findings were positive in 82 of 84 cases. The most common LUS findings suggestive of pneumonia were B-lines (91.7%), consolidation (90.5%), air bronchogram (81%), followed by pleural effusion (34.5), whereas fluid bronchogram, pleural line irregularities, and pneumothorax were the least prevalent findings found in 33.3, 19, and 1.2%, respectively.
These findings were similar to those found by previous studies. A recent study that included Egyptian infants has shown that the predominant LUS findings of pneumonia were subpleural lung consolidation (98%), followed by air bronchogram (78%), whereas the least prevalent findings were B-lines (30%) and pleural line abnormalities (8%) [16] . Another study that included children with CAP has illustrated that the positive rates of consolidation, air bronchograms, fluid bronchogram, and pleural effusion in LUS were 50.9, 93.7, 20.1, and 28.9%, respectively [18] .
In contrast, another recent study has documented pleural irregularity in LUS of all patients diagnosed with CAP, and the second most common findings were subpleural consolidation and air bronchograms [19] .
In the present study, LUS was eminent in detecting pleural effusion resulting from complicated pneumonia. LUS detected 29/84 (34.5%) patients with pleural effusion, whereas CXR detected 10/84 (11.9%) patients with pleural effusion. Similarly, previous studies have proved the distinction of LUS in detection of pleural effusion. Reali et al. [12] revealed that LUS was able to detect a parapneumonic pleural effusion in 17 patients, whereas only 11 of them could be detected by CXR. Moreover, Caiulo et al. [20] showed the same superiority of LUS over CXR in detecting pleural effusion, with 17.9 versus 3%, respectively.
In our series, LUS results were available soon after examination (within 24 h of admission). Of the 84 children who clinically had CAP, LUS showed findings consistent with pneumonia in 82 children, with sensitivity of 97.6%, PPV of 98.8%, and NPV of 71.4%, whereas CXR was positive for pneumonia in 73 children, with sensitivity of 86.7%, PPV of 83.3%, and NPV of 31.2%. In children with pneumonia, 11 patients had a negative CXR result and two patients had a negative ultrasound (false negatives) finding. The only sonographic false-positive result was for a case of bronchiolitis in which ultrasound detected a small subpleural consolidation lesion with pleural line irregularities. There was also one radiographic falsepositive result, resulting in a specificity of CXR and LUS of 83.3%. Thus, the accuracy of LUS in CAP diagnosis was higher than CXR, although not statistically significant.Other studies have reported similar findings suggesting that LUS might substitute CXR in the diagnosis of CAP in children [12, 18, 21] . A recent study which included 149 children with CAP has found that LUS features suggestive of pneumonia were found in 142 child (95.3%), whereas CXR features suggestive of pneumonia were found in 132 (88.5%) children. Furthermore, a significant difference was detected in the comparison of LUS and CXR as diagnostic tools of CAP [19] .
In addition, Omran et al. [16] have found that LUS exhibited eminence in the diagnosis of pneumonia in infants. Of the 50 infants with clinically confirmed pneumonia, 36 (72%) cases were positive by CXR whereas LUS spotted pneumonia in 49 (98%) cases (P<0.05).
A recent meta-analysis has reported that sensitivity and specificity for the diagnosis of childhood pneumonia using LUS was 93.0% [95% confidence interval (CI), 88.0-96.0%] and 96.0% (95% CI, 92.0-98.0%), respectively [22] . Interestingly, comparison of LUS and CXR with CT in the diagnosis of childhood pneumonia revealed similar sensitivity. However, specificity of CXR was higher [23] .
We acknowledge some limitations in the present study. First, LUS was performed by an expert radiologist, which could doubt its widespread applicability. Second, sonographic findings were not confirmed by chest CT for ethical issues.
Finally, this study could suggest a clear superiority of LUS performed by an expert radiologist over the CXR for the diagnosis of CAP. Thus, LUS could be considered a safe alternative diagnostic tool of CAP in infants and children.
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